Background/purpose: During the injection of a fluid in a tissue model, the fluid might
| INTRODUCTION
Hypodermic steel needles are mainly used for transdermal drug delivery. However, the disposal of steel needles can be a problem, high temperature is needed for incineration and a large amount of dangerous waste is generated. In developing countries, the reuse of needle is also an issue, that promotes the spread of blood-borne diseases like hepatitis and HIV infections. 1 A possible solution to these challenges could be a polymer needle. The needles made of polymer are much easier to deactivate which makes them easier to dispose of.
Polymer needles can be made with two or more channels allowing simultaneous delivery of reactive agents such as two component chemotherapy. This provides more precise medication once active components can be injected with high accuracy. Thus, polymer needles enable the innovation of new medical treatments and improved quality of existing treatments. However, it is important to understand how the new type of needles affects the distribution of fluid in tissue.
Cooley and Robison made experiments to investigate if the belief
of some dentists that the bevel side of needles should face the bone when giving anaesthesia was true. 2 They used 27G and 30G needles to inject a radiopaque solution in a segment of bovine muscle tissue to simulate what might occur in human tissue. The radiograph allows to evaluate if the direction of bevel affects the direction of fluid. The result was two fluid deposition patterns. In the first pattern, an elongated pattern was deposited following the tissue planes, and the second pattern showed an oval distribution of the fluid around the tip of the needle. In both cases, the fluid was deposited in approximately equal quantity on each side of the bevel. Thus, they concluded that the direction of the bevel did not affect the pattern of the fluid in the tissues and the belief of orienting the bevel towards the bone could not be justified.
The investigation of Juul and colleagues had as main goal to observe the deposition depth in the tissue using needles with different diameters and lengths: a 34G × 3 mm, a 32G × 5 mm and a 30G × 8 mm. 3 They made injections with each needle in ex vivo porcine tissue. An amount of 400 μL of a mixture with 70% insulin and 30% of contrast medium with 1 mg/mL Alcian blue was delivered. As expected, the deposition volume peaked close to the depth corresponding to the needle tip for all needles. Measuring the distance between the tip of the needle and the lowest layer in the tissue with liquid, the 34G needle presents the interval of depth from 3 to 12 mm, the 32G from 5 to 14 mm and the 
| Artificial skin model
The skin from cadavers or animals could have been used to study materials-skin interactions. However, experiments using this type of models raise ethical issues and economic questions and they are characterized by variability since it is difficult to reproduce with the same conditions. For that reason, artificial skin models are often preferable. Another advantage is the reproducibility and reliability due to their simple and standardized construction. Therefore, these models represent lower costs, easy storage and manipulation. The artificial models can mimic one or more properties, functions or behaviour of the skin but are not capable to representing the multitude of in vivo skin properties. 4, 5 The development or adoption of an artificial skin model depends on the applications. Accordingly, there exist a multitude of artificial skin models and materials applied.
Dąbrowska and colleagues presented a range of materials that can simulate a specific physical propriety of the human skin. 4 To mimic the mechanical properties of the skin, materials such as gelatine and polyurethanes can be used.
The solution of water-gelatine had a similar density and viscosity as human tissue. Regular or ballistic gelatine have been used in earlier skin models. However, for our purpose the gelatine is not a good material because it is too dense and does not allow the spread of fluid.
Due to the viscoelastic properties, polyurethane foam can be used for mechanical skin models. The material is stable and has tunable properties. The polyurethane sponges have earlier been used to simulate the human skin. 4 Whittle and research team used an open-cell polyurethane sponge covered by a silicone layer to simulate the skin and sub-dermal tissue. 6 The aim of the study was to develop a model of the biomechanical dynamics of blunt force, non-ballistic wounding, which allows to better understand the mechanism behind the traumatic end-results.
When the complexity of skin is not taken into account, a simple homogeneous material is suitable for the understanding of the basic mechanisms controlling passive transport though a membrane. 5 The polyurethane sponge was a promising material for this study, 
| MATERIAL AND METHODS
In order to evaluate the spread of fluid in a skin model, a steel nee- The artificial skin model described above was used. To ensure an even insertion direction, a fixture was design in CAD and 3D printed.
The fixture holds the syringe and the model as shown in Figure 2A .
The fixture keeps the syringe and needle centred and restricts any lateral movement.
All experiments were done in triplicate. In the first set of experiments, the needle was used as received. On the second set of experiments, the bevel tip of 18G needle was removed by polishing it on a DP-U2 grinding drum machine. A 3-channel polymer needle with a conical tip was attached on a luer connector. Table 1 presents the dimensions of each needle. The dimensions were obtained from microscope images. The cross-section area for the three channels in the polymer needle is similar to the cross-section area of the steel needle cavity. Figure 3 shows the cross-section and proportion of the dimensions between the 3-channel needle, the blunt and the bevelled needle.
The model was marked with an arrow to show the direction of the bevel in the first set of experiments as shown in Figure 2A . Figure 2B shows the marks indicating the orientation of the holes for the Image J software was used to analyse the pictures and calculate the spread area and depth of fluid. This is used to estimate the ratio between the two sides of the needle (a and b). [7] [8] [9] To analyse the spread around the tip of each needle, a horizontal slice was made in the foam model in the plane of the needle tip. The
Image J software was used to calculate the spread area around the tip.
| RESULTS
The following results present the spread area and the maximum depth The maximum depth reached by the fluid is between 11.28 and 13.69 mm. Table 3 for each experiment can be seen in Table 4 . The spread area for the Figure 6 shows the horizontal spread of fluid around the needle tip and its shape measured at the top of the needle cavity opening. Table 5 shows the horizontal spread area around the tip of the 3 types of needle tips measured at the top of the needle cavity opening. It can be seen that a blunt needle can achieve higher horizontal spread area compared to a bevelled needle but the 3-channel needle performs best with a total spread area around the tip that is much higher than the two other needles shapes. However, the 3-channel needle had a larger diameter than the other two needles. The channels are placed farther from the centre which can cause a wider spread. To estimate the effect of this difference, the expected spread of fluid was estimated assuming that the channels were moved in such a way, that their external boundary stays inside of the outer diameter of the other two steel needles. Thus, the channels were moved 0.32 mm towards the centre. The spread area around the tip was 95.68 mm 2 which corresponds to a circle with a radius of 5.52 mm. Assuming that the radial spread distance will be the same, when moving the channels 0.32 mm towards the centre, the new circle has a radius of 5.20 mm which corresponds to an expected spread area around the tip of 84.91 mm
This result is still larger than for the bevelled and blunt needle.
| DISCUSSION
The experimental data showed that the fluid distribution for a bev- T A B L E 4 Results using the 3-channel needle: The spread area for each side of the needle, the ratio between them and the maximum depth (D) of the fluid Regarding the horizontal spread area around the tip of the needle, the blunt needle had a spread area 16% higher than a bevelled needle which corresponds with a larger injection depth for the bevelled needle as was described above.
For the 3-channel needle, the horizontal spread area around the tip is much higher than for the other two needles. The difference between the 3-channel and the bevel needle is ca. 40% and ca. 30%
between the 3-channel needle and the blunt needle. This difference can be explained by the presence of the 3 internal channels and the bevel like tip shape resulting from the conical tip. The 3-channel needle has 3 different places to expel the fluid while the bevel needle expels in only a single place. The other reason can be the proportion of dimension between the needles. In Table 1 as the bevelled/blunt needle, the spread area of the 3-channel needle was 34% and 22% larger compared with the bevelled and blunt needles.
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